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We consider the four-dimensional quantum electrodynamics extended with Myers-Pospelov
Lorentz-violating dimension-5 operators to investigate 4D-2D projection. In projecting out the
4D theory down to a 2D theory we get analogs of these operators. Namely, we obtain a new two-
dimensional theory with corresponding scalar and fermionic 2D Myers-Pospelov Lorentz-violating
dimension-3 operators. New defect structures can also be found from this new projected out 2D
scalar sector. Furthermore, we also show that this 2D scalar sector can be also radiatively induced
through the new 2D fermionic sector.
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2I. INTRODUCTION
In order to find a new physics, important features on Lorentz symmetry violation with high derivative or high
dimension operators have been recently explored in quantum gravity [1] and field theory [2–8]. As we shall see later,
these operators develop similar characteristics of Lorentz-violating dimension-4 operators initiated in the seminal
papers [9]. However, we shall focus on low-dimensional effects from the four-dimensional theories with high derivative
Lorentz-violating operators such as the four-dimensional quantum electrodynamics extended with Lorentz-violating
dimension-5 operators proposed by Myers and Pospelov [2]. In this work we initially consider the gauge sector of this
modified theory in order to derive the physics in two dimensions with analogs of these Lorentz-violating operators.
Namely, we are able to obtain scalar and fermionic 2D Myers-Pospelov dimension-3 operators. Another purpose of
this work is to study whether the same scalar 2D Myers-Pospelov term can be also radiatively induced into an effective
action from the resulting fermionic 2D Myers-Pospelov sector obtained through the 4D fermionic sector projected into
two dimensions.
In two dimensions, we have that the Lorentz symmetry violation can be attributed to the scalar sector added to an
effective theory that also can characterize a preferred direction for two-dimensional space-time. Models of this nature
was suggested and studied in the context of the defect structures [10–12], deformation of the canonical structure and
UV/IR duality [14] and radiative induction via one-loop polarization tensor in two dimensions that is independent of
regularization scheme [13].
In the present study the scalar Lorentz-violating terms in two dimensions are obtained both via radiative corrections
and four-dimensional projection down to two dimensions. The first case produces a scalar 2D Myers-Pospelov term
induced through fermionic 2D Myers-Pospelov term. Also, it is naturally expected, that low dimensional Lorentz-
symmetry violating effective actions naturally arises in the process of dimensional reduction of the four-dimensional
theories which was earlier shown in [15–18] to give the 3D Lorentz-violating action.
The extended QED in four-dimension is given as
Lqed4D = −
1
4
FµνF
µν + gεµνρσnµ(n · ∂)
2∂νAρAσ + ψ¯
(
i∂/+ g′(n · ∂)2n/Γ5 −M
)
ψ − eψ¯A/ψ, (1)
where the nµ is the dimensionless constant four-vector, e is the minimal coupling constant, g = η/MP and g
′ = η′/MP
with η, η′ being dimensionless parameters. These dimension-5 operators in the electromagnetic and fermionic sectors
are Myers-Pospelov-type operators. Both operators break CPT symmetry being η and η′ charge conjugation even,
and MP is the mass where new physics such as Lorentz and CPT symmetries violation emerges.
We shall firstly discuss the emergence of a 2D theory via the gauge field sector of above Lagrangian from 4D-2D
dimensional projection. In this point, we shall focus on low-dimensional effects from the four-dimensional theories
with high derivative Lorentz-violating operators. We take advantage of this procedure to obtain a 2D theory with
two scalar fields coupled to dimensional-3 operators. This aims at to find new topological solutions. It turns that the
equations of motion are the same as those ones previously found in other Lorentz-violating scalar field scenarios [10].
This is because, the projected out high derivative 2D dimensional theory reduces to a lower derivative theory. Secondly
we shall focus on the study whether the same emerging 2D effective action can be induced as an effective action from
the resulting 2D fermion field sector obtained through the 4D fermionic sector of above Lagrangian projected into
two dimensions.
This paper is organized as follows. In section II, we develop the dimensional projection of a 4D theory into a 2D
one for the gauge sector of the extended QED. In section III, we take advantage of this procedure to obtain a 2D
theory with two scalar fields coupled to dimensional-3 operators. We point out the possibility of finding new defect
structures in the projected out 2D Myers-Pospelov scalar model. In section IV, we shall address the issue of 4D-2D
projection in the fermion field sector. In section V, we revisit the problem on induced 2D effective theory via radiative
corrections at one loop contribution via derivative expansion method. Our starting point here is the 2D fermion sector
projected out from the 4D theory. Finally, in section VI we present our conclusions.
II. 4D-2D PROJECTION: GAUGE FIELD SECTOR
In this section, we now focus on dimensional projection out of the four-dimensional gauge field components of a 4D
theory into a 2D theory. Firstly, the Maxwell term assumes the form
−
1
4
FµνF
µν = −
1
4
(
FijF
ij + 2F0aF
0a + 2F3aF
3a + FabF
ab
)
= −
1
4
(
FijF
ij + 2∂0Aa∂
0Aa + 2∂3Aa∂
3Aa
)
, (2)
3where i, j = 0, 3, a, b = 1, 2, and the projection implies to say that ∂1 = ∂2 = 0 when acting on any field (therefore
Fab = 0). We will work with the metric signature (+,−,−,−), so that A
a = −Aa. Now renaming A1 = φ and A2 = χ
we end up with
−
1
4
FµνF
µν = −
1
4
FijF
ij +
1
2
∂iφ∂
iφ+
1
2
∂iχ∂
iχ . (3)
This is a Maxwell theory plus two massless scalar field theory in 2D.
Now let us discuss the Myers - Pospelov term. Under the same conditions described above we obtain:
gεµνρσnµ(n · ∂)
2∂νAρAσ = g
(
ni∂
i + na∂
a
)2(
εijρσni∂jAρAσ + ε
aiρσna∂iAρAσ
)
= g
(
ni∂
i + na∂
a
)2(
εijniχ∂jφ+ ε
aiρσna∂iAρAσ
)
, (4)
where εij ≡ εij12. Note that the first term is the one of major interest to us. The second term will necessarily mix
the 2D Maxwell’s and scalar fields, but here for the sake of simplicity we shall not consider it. For that reason let us
consider from now on the na = 0 case.
The projection of the 4D gauge field sector down to a 2D theory is finally given by
L2D = −
1
4
FijF
ij +
1
2
∂iφ∂
iφ+
1
2
∂iχ∂
iχ + gεijni(nj∂
j)2χ∂jφ . (5)
This resulting theory are made out of two-dimensional fields living in two dimensions. The new term we shall refer
as to 2D Myers-Pospelov scalar model.
III. DEFECT STRUCTURES IN PROJECTED OUT 2D MYERS-POSPELOV SCALAR MODEL
By following the previous projected Lagrangian in two dimensions, in this section we propose a new theory with
two real scalar fields with a higher derivative dynamics written in the form
L2D =
1
2
∂µφ∂
µφ+
1
2
∂µχ∂
µχ + gεαβnα(n · ∂)
2χ∂βφ− V (φ, χ), (6)
where µ = 0, 1 and nµ = (n0, n1). This effective theory can generate new effects on (non-)topological defects generated
by two real scalar fields with a proper choice of the scalar potential V (φ, χ).
Let us obtain the equations of motion. The equation of motion for the scalar fields φ and χ are, respectively, given
by
φ+ gǫαβnα(n · ∂)
2∂βχ+
∂V
∂φ
= 0,
χ− gǫαβnα(n · ∂)
2∂βφ+
∂V
∂χ
= 0. (7)
We shall look now for static solutions. Now assuming φ = φ(x) and χ = χ(x) we obtain
− φ′′ + gn31χ
′′′ +
∂V
∂φ
= 0,
−χ′′ − gn31φ
′′′ +
∂V
∂χ
= 0. (8)
The equations do not depend on time-like component n0. Thus, if a priori one considers only time-like components
there is no Lorentz violation effects on the solutions in the static regime. We also note that for a constant (or in the
absence of) potential V , the above equations, up to constants that can be eliminated via boundary conditions, are
simply reduced to
φ− gn31χ
′ = 0,
χ+ gn3
1
φ′ = 0. (9)
This equations are equivalent to those found in Ref. [10] in the same regime. This shows that the Myers-Pospelov
operator in the static regime with no potential contribution in two dimensions becomes a reducible operator. They
can be found from the use of the following two-dimensional Lagrangian [13]
L =
1
2
∂µφ∂
µφ+
1
2
∂µχ∂
µχ+ καǫ
αβχ∂βφ, (10)
4as long as the time-like component n0 is turned on.
Now returning to equations (9) we find that they are satisfied by oscillatory solutions
φ = cos kx, χ = sinkx, k =
1
gn3
1
. (11)
In the following we shall consider non-trivial potentials V . If we assume V satisfies the following relations∫
∂V
∂φ
dx = −
∂U
∂χ
,
∫
∂V
∂χ
dx =
∂U
∂φ
, (12)
or
∂V
∂φ
= −
∂U
∂χ
,
∂V
∂χ
=
∂U
∂φ
. (13)
Thus, we can reduce the equations of motion to the following
− φ′ + gn3
1
χ′′ −
∂U
∂χ
= c1,
−χ′ − gn3
1
φ′′ +
∂U
∂φ
= c2, (14)
where c1, c2 are integration constants that we shall set to zero here. Let us recast these equations in the familiar form
[10]
− φ′′ − kχ′ +
∂U˜
∂φ
= 0,
−χ′′ + kφ′ +
∂U˜
∂χ
= 0, (15)
where U˜ = kU . Now every solution found in [10] can be related to solutions of our system.
IV. 4D-2D PROJECTION: FERMION FIELD SECTOR
Let us now investigate the dimensional projection in the fermion sector of the quantum electrodynamics extended
with dimension-5 operators (1) whose fermionic Lagrangian is given by
Lfermi4D = ψ¯
(
i∂/+ g′(n · ∂)2n/Γ5 −M
)
ψ − eψ¯A/ψ . (16)
We consider the following representation of the gamma matrices in 4D:
Γ5 =
(
−1 0
0 1
)
; Γµ =
(
0 σµ
σ¯µ 0
)
; σµ = (1,−→σ ); σ¯µ = (1,−−→σ ) . (17)
Now defining
ψ =
(
ψL
ψR
)
, (18)
and recalling that ψ¯ = ψ†Γ0, we can write the Lagrangian (16) as
Lfermi4D =
(
ψ†L ψ
†
R
)(
iσ¯µ∂µ − eσ¯
µAµ + g
′(n · ∂)2σ¯µnµ −M
−M iσµ∂µ − eσ
µAµ − g
′(n · ∂)2σµnµ
)(
ψL
ψR
)
. (19)
As is well known, the sectors ψL and ψR decouple only if M = 0. Setting M = 0 and looking at, say, the sector ψR,
we have
L
R
fermi4D
= ψ†R
(
iσµ∂µ − eσ
µAµ + g
′(n · ∂)2σµnµ
)
ψR . (20)
5Now we proceed with the dimensional projection to the plane x0−x3 with this Lagrangian as the starting point. The
gamma matrices in 2D can be defined as:
γ5 = σ
3 =
(
1 0
0 −1
)
; γ0 = σ1 =
(
0 1
1 0
)
; γ1 = −iσ2 =
(
0 −1
1 0
)
. (21)
Notice that γ1 is just the matrix associated with the spatial direction in two dimensions, as we chose this direction
as x3, it is convenient to rename the matrix as γ
3. This is just a change of labels. It is done so that the sums over
i = 0, 3 make sense. The reason for this choice of gamma representation can be seen when we impose the conditions
∂1 = ∂2 = 0, we obtain
σµ∂µ = σ
0∂0 + σ
3∂3 = γ
0γ0∂0 + γ
0γ3∂3,
n · ∂ = n0∂0 + n
3∂3 (22)
which has the necessary structure to build the kinetic Dirac term in 2D.
Following the same route as for the gauge field sector, we define A1 = φ e A2 = χ and na = 0. We conclude that
the Lagrangian (20) when projected is given by:
L
R
ferm2D
= ψ¯R
(
iγi∂i − eγ
iAi − eφ− ieγ5χ+ g
′(ni∂i)
2γini
)
ψR . (23)
However, in order to study radiative corrections in the next section, we shall consider the massive version of the
massless 2D fermionic sector, given by
L2D = ψ¯(i∂/−m+ g
′(n · ∂)2n/)ψ − e˜ψ¯(φ+ iγ5χ)ψ. (24)
In two dimensions, e˜ has dimension of mass and we define e˜2 = e2/(4πR2) being R related to the mass as m ∼ 1/R
and e is the extended QED4 coupling. The mass m can be set to zero after making radiative corrections since the
induced term has no explicit dependence with such a mass. See below.
V. INDUCED SCALAR EFFECTIVE THEORY IN 2D
Let us explicitly study the question of inducing the scalar 2D Myers - Pospelov term into an effective action
induced via radiative correction. This issue we will study in the following by using the derivative expansion of fermion
determinants.
In this sense, we consider the fermion sector associated to the Lagrangian (24) and integrate out the fermion fields
into the functional integral to obtain the effective action for the scalar fields given by the following functional trace
Seff [n, φ, χ] = −iTr ln
[
p/−m− g′(n · p)2n/− e˜
(
φ+ iγ5χ
)]
. (25)
Applying the method of derivative expansion, the functional trace in (25) can be properly manipulated in view of
writing the effective action in the following form:
Seff [n, φ, χ] = Seff [n] + S
′
eff [n, φ, χ], (26)
where the first term is Seff [n] = −iTr ln
[
p/ − m − g′(n · p)2n/
]
, which does not depend on the scalar fields. The
nontrivial dynamics is only governed by the second term S ′eff [n, φ, χ], which is given by the following power series
S ′eff [n, φ, χ] = iTr
∞∑
l=1
1
l
[
e˜
p/ −m− g′(n · p)2n/
(
φ+ iγ5χ
)]l
. (27)
To induce the scalar 2D Myers - Pospelov term of the effective action in (6) we should expand the equation (27) up
to second order in the scalar fields in the presence of the parameter nµ that controls the Lorentz symmetry violation.
Thus, we can now write the effective action in the form
Seff [n, φ, χ] =
e˜2
2
Tr
[
GF (p)φ(x)GF (p)γ5χ(x) +GF (p)γ5χ(x)GF (p)φ(x)
]
, (28)
where GF (p) is the nµ-dependent propagator of the theory defined as:
GF (p) =
i
p/−m− g′(n · p)2n/
. (29)
6Now, we expand the exact fermion propagator GF (p) and take the leading order in g
′ as in the form
GF (p) = SF (p) + SF (p)
(
− ig(n · p)2n/
)
SF (p) + · · · with SF (p) =
i
p/ −m
. (30)
Using the cyclic properties of the trace and the above result into the equation (28) we have
Seff [n, φ, χ] = −ig
′e˜2Tr
[
SF (p)(n · p)
2n/SF (p)γ5χ(x)SF (p)φ(x) + SF (p)(n · p)
2n/SF (p)φ(x)SF (p)γ5χ(x)
]
. (31)
Now applying the main property of the derivative expansion method [19] — see also [20–22], we observe that any
function of momentum can be converted into a coordinate dependent quantity as follows
φ(x)f(p) =
(
f(p− i∂)φ(x)
)
. (32)
The parenthesis on the right hand side merely emphasizes that the derivatives act only on φ(x). In this case, the
two-point contribution to the effective action becomes
Seff [n, φ, χ] = −ig
′e˜2Tr
[
(n · p)2
[
SF (p)n/SF (p)γ5
(
SF (p− i∂)χ(x)
)
φ(x) + SF (p)n/SF (p)
(
SF (p− i∂)φ(x)
)
γ5χ(x)
]]
,(33)
where
SF (p− i∂)χ(x) =
i
p/− i∂/−m
χ(x) = SF (p)χ(x) + SF (p)∂/SF (p)χ(x) +
SF (p)∂/SF (p)∂/SF (p)χ(x) + SF (p)∂/SF (p)∂/SF (p)∂/SF (p)χ(x) + · · ·. (34)
Now, we can write the equation (33) up to third order in the derivatives and in the lowest-order of the coupling
constant g, in the form
Seff [n, φ, χ] = −ig
′e˜2
∫
d2x
∫
d2p
(2π)2
(n · p)2
(p2 −m2)
×[(
tr
[
∂/SF (p)∂/SF (p)∂/SF (p)SF (p)n/γ5
]
χ(x)
)
φ(x) +
(
tr
[
n/SF (p)SF (p)∂/SF (p)∂/SF (p)∂/γ5
]
φ(x)
)
χ(x)
]
(35)
where the symbol tr denotes the trace of the product of the gamma matrices. As one knows from the gamma matrices
algebra and relation for trace tr
(
γµγνγ5
)
= 2εµν, we can write the expression (35) as
Seff [n, φ, χ] = −2ig
′e˜2
∫
d2xnα
(
∂β∂µ∂νχ(x)
)
φ(x)
∫
d2p
(2π)2
(n · p)2
(p2 −m2)5
[
(p2 −m2)2ηµνεαβ +
2(p2 −m2)
[
ηµνpβpλε
αλ
− 2pµpνεαβ +m2ηµνεαβ
]
− 8m2pµpνεαβ
]
. (36)
Also, by symmetry reasons we can omit all terms which are odd in the internal momentum p. Notice that by
momentum power counting the above integrals in (35) involve only convergent contributions. Hence, there is no
need to adopt any regularization scheme in order to calculate these integrals. They can be readily performed by using
the following formulas: ∫
d2p
(2π)2
pµpν
(p2 −m2)n
=
(−1)n−1i
4π
ηµν
2Γ(n)
Γ(n− 2)
(m2)n−2
,∫
d2p
(2π)2
pµpνpρpσ
(p2 −m2)n
=
(−1)ni
4π
Gµνρσ
4Γ(n)
Γ(n− 3)
(m2)n−3
(37)
whereGµνρσ = ηµνηρσ+ηµρηνσ+ηµσηνρ. In what follows, we despise the terms proportional to n2∂2 factor. Therefore,
by using the equations (37) into expression (36), we obtain
Seff [n, φ, χ] = λ
∫
d2xεαβnα(n · ∂)
2χ(x)∂βφ(x) (38)
where λ = e˜
2g′
12pim2
∼ e2g′ as long as m ∼ 1/R as we anticipated. Thus, now taking the mass m → 0 we recover the
original massless 2D fermionic sector given in (23). Thus, we have indeed derived a nonzero extended scalar Myers
- Pospelov term at one loop effective action in two dimensions through derivative expansion up to leading order in
g′-parameter.
Thus, the full effective Lagrangian allows to propose a new theory in two dimensions whose scalar and fermionic
sectors are given by
L2D =
1
2
∂µφ∂
µφ+
1
2
∂µχ∂
µχ+ λ εαβnα(n · ∂)
2χ∂βφ+ ψ¯(i∂/−m+ g
′(n · ∂)2n/)ψ − e˜ψ¯(φ + iγ5χ)ψ. (39)
Notice that the fermionic sector of the theory (39) has the potential to radiatively induce a finite scalar 2D Myers -
Pospelov term of the action in Eq. (5) — or Eq. (6) — initially constructed through a 4D-2D projection.
7VI. CONCLUSION
In this paper, we investigate the 4D-2D projection of the Myers - Pospelov QED. One of the most interesting results
we found is the reduction of dimension-5 operators to dimension-3 operators. One of the main issues addressed by
considering higher dimensional operators concerns to achieve UV-completion in quantum gravity [1], for instance,
where both two-dimensional versions of the theory and higher dimensional operators are largely considered. In our
present analysis we join together these two possibilities in the same set up by applying dimensional projection. Another
issue we considered was the possibility of these Lorentz-violating operators to develop new defect structures in the
2D scalar sector that can be both projected out from the 4D theory and radiatively induced in two dimensions.
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